Abstract: Ankle sprains are common in team sports and sports played on courts, and often are often used to promote neuromuscular improvements in the prevention and rehabilitation of ankle injuries. This literature review summarizes the neuromuscular characteristics of common increase static and dynamic balance and decrease injury recurrence. In particular, the addition of
Introduction
The ankle is the second most commonly injured body part during sports, 1 with ankle sprains being the most common ankle injury. [1] [2] [3] Chronic ankle injuries usually involve some type of long-term alteration in the proprioceptive and neuromuscular function. 4 Several researchers have demonstrated [5] [6] [7] [8] of bilateral deterioration or the increased likelihood of ankle sprains among athletes with poorer postural control. 5, 8 the intrinsic risk factors that lead to ankle sprains 6, 9 ankle instability (FAI). 10 leading to chronic ankle instability (CAI). 11 Moreover, there is little consensus in the terminology used to refer to preventive or rehabilitative training, and it is also necessary 11 In addition, the optimal training methods to achieve these objectives remain unclear.
Thus, the aim of this review is to summarize the best evidence with regard to acute rehabilitation of these injuries.
Methods
English-language articles on PubMed and the Cochrane Library were searched through October 2012. The search terms (in different combinations) were: neuromuscular,
sensorimotor, proprioceptive, balance, training, exercise, program, instability resistance training, postural control, perturbation, proprioception, coordination,
Prospective studies found that impaired balance is associated with a greater risk of ankle injuries. 8, 9, 13, 14 Other funceccentric eversion strength at slower isokinetic speeds, greater a lower inversion joint position sense in women. 14 Despite motion 9,13 and a slower reaction time in the tibialis anterior and gastrocnemius muscles 9 are factors that increase ankle injury risk, a recent meta-analysis 14 suggested otherwise. Steffen and colleagues 15 found that the largest risk factor for ankle sprains is a prior sprain sustained during the previous year. This and proper rehabilitation after injury to avoid reinjury. 16, 17 Recurrent sprains, "giving-way" episodes, pain, swelling, ankle instability, and decreased function are possible residual symptoms 12 that may occur in 74% of patients for 1.5 to 4 years after the injury. 16 
Recurrent Ankle Sprains
Ͼ 2 sprains in the same ankle. 12 year. 18, 19 In a recent review, Hiller et al 20 analyzed the characterwhile standing on 1 leg with their eyes closed, decreased foot clearance during gait, increased time to stabilization after performing a jump, and a lower concentric invertor strength. However, the cause-effect relationship between recurrent ankle sprains and postural stability is unknown. Interestingly, strength, and peroneal latency were not found.
Functional Ankle Instability
Ankle instability can be mechanical or functional. 12 Mechanical instability refers to a movement that goes beyond its normal range, 3, 12, 20 that alter the ankle joint mechanism, such as pathological degenerative changes. 21 by which to classify functional instability. 10 There is some controversy regarding evertor strength as a factor in FAI. 24 The results of a meta-analysis 24 suggest that concentric evertor weakness contributes to FAI, whereas not found in patients with recurrent sprains. 20 This discrepsubjects without recurrent sprains but with symptoms of 20 -tion patterns may be a factor in FAI. It has been suggested that an ankle sprain injury occurs in the initial contact of the foot with the ground 25 ; thus, the majority of ankle injuries do not occur in a static position, 15, 26 which suggests that dynamic muscle activation may be a factor in injury. Studies have shown that a sudden inversion injury occurs between 40 and 45 ms after foot contact. 27 ,28 A systematic review analyzed several studies that measured the activation of the peroneals and tibialis anterior in response to a postural disturbance in subjects with FAI and concluded that there was no evidence of delayed peroneal reaction times. 6 However, 1 study found a delayed tibialis anterior activation in subjects with FAI in response to a perturbation. or anticipatory control ("feed-forward"), where the peroneus longus demonstrates reduced reaction time before the contact with the ground after performing jumps 31,32 or during walking. 33 Furthermore, Delahunt et al 31 found a statistically -ing the lower peroneal activation prior to contact with the ground. Differences in the reaction forces after performing ground reaction force in FAI subjects than in healthy controls, injuries.
31,34 Moreover, subjects with FAI have been found the terminal swing phase of the gait cycle 33 and require more time to stabilize after a single-leg jump landing. 35 the ankle joint is less protected by an inadequate ankle joint position. 31 Furthermore, it has been argued that the preparatory activity is more important to maintain the dynamic stability and prevent injuries than reactive activity after foot contact with the ground, because of the short reaction time requirements in functional and dynamic tasks. 36 The importance of preparatory muscle activity for preventing injury during sports has been shown in a prospective study with female team handball and soccer players in relation to anterior cruciate ligament tears, 37 but remains poorly investigated for ankle sprains.
Chronic Ankle Instability
It has been established that CAI affects between 10% and 22 both types of instabilities (mechanical and functional) with residual symptoms for Ն 1 year after the initial sprain. 12 paradigm proposed by Hertel, 23 which distinguishes between functional and mechanical instability. However, controversy and factors that lead to these problems. Recently, Hiller et al 11 proposed an evolution of the paradigm developed by Hertel, where recurrent sprains are separate from the presence of both instability types. Thus, the new model consists of 7 subgroups, and "functional instability" is renamed as "perceived instability." This is because the authors found patients with both mechanical and functional instability but without recurrent sprains, and, conversely, some patients instability. This new approach may change future research, rehabilitation, and prevention, although further validation is required.
Hiller et al 20 reported that patients without recurrent muscle strength may be present. 38 Patients with CAI present with impaired ankle joint positional sense in the frontal plane and impaired dynamic postural control. This review highlights again the greater importance of the anticipatory adjustments for injury prevention. A recent study of patients with CAI found a lower co-contraction of the tibialis anterior and peroneus during the pre-landing after performing a jump, which may result in poor ankle stabilization and possibly increase the risk of injury. 39 However, the effects of training in the preparatory action require further investigation.
38

Exercise for Ankle Injuries
One of the limiting factors in reviewing the literature on ankle term proprioception training it refers only to the afferent input, 40 described in the literature primarily involve motor tasks. as this will facilitate the search for information and future research in this area. Based on the present literature review, we suggest using neuromuscular training as a general term for any type of training that involves neuromuscular stress in response to multiple tasks. However, a concise description
Effectiveness of Exercise in Prevention and Rehabilitation
effects of neuromuscular training. It has been established that balance training is effective in improving postural and neuromuscular control in healthy and physically active participants, 45 as well as in prevention and rehabilitation. 40 Balance training may increase static and dynamic balance in athletes and nonathletes and may also have a positive effect on agility and jumping. 45 Wikstrom et al 5 also recommend postural control in patients with acute lateral ankle sprains. Moreover, neuromuscular training is effective in decreasing "giving-way" episodes after acute ankle sprains, increasing joint functionality and improving postural control. 4 Anderson and Behm 30 recommended the combination of balance and strength training for people with somatosensory unstable devices is an interesting element to reach greater muscle activation with lower load, and a method to perform both strength training and balance training. 30, 51 In fact, Behm and Anderson 52 stated that the main objective of performing training with unstable devices is to improve balance, stability, and proprioceptive capabilities. Furthermore, they highlight in maintaining both static and dynamic balance, especially these authors, the integration of strength and balance training can improve motor control by increasing muscle activation, co-contraction mechanisms 30, [52] [53] [54] [55] with shorter reaction times.
55
-41, 55, 56 Some researchers have demonstrated the effectiveness of balance training to improve reaction time in the tibialis anterior muscle 57,58 and the peroneus longus 57 in subjects with a history of ankle sprains, and to improve synchronized activation of these muscles 2 in patients with CAI. Interestingly, Clark and Burden 57 strength torque to prevent an ankle inversion injury; however, the authors suggest that balance training helps to reduce the risk of recurrent injuries by increasing joint stiffness. Other authors have agreed that improving reaction time does not prevent inversion ankle injuries, because it is improbable that peroneal reaction alone is enough to avoid injury. 6, 10, 26 Decreasing the recurrence of ankle sprains is one of the Wees et al 59 After analyzing 24 studies, the authors noted that neuroankle sprain. 15, 19, 54, 60, 61 recurrent ankle sprains has been demonstrated, the path- 41 According to Hupperets et al, 41 sensorimotor training provides neurophysiological and morphological changes, such as increased strength or improved muscle reaction time, that lead to functional improvements, which in turn reduce the risk of recurrent sprains. Previously, Karlsson and Lansinger 62 found that neuromuscular training accelerates the healing process by restoring and strengthening the ligaments, muscles, and 40 found that balance training adaptations occur in all sensory systems that facilitate postural control.
Balance training is also used to improve postural control of patients with CAI. 5, 38 Webster and Gribble 63 conducted a systematic review to test the effectiveness of neuromuscular especially in subjects using unstable devices such as a wobble board to improve dynamic postural control and self-reported and colleagues 22 analyzed other CAI reviews and concluded that neuromuscular training is effective in the treatment of subjects with this injury. O'Driscoll and Delahunt 46 recently conducted a systematic review of neuromuscular training (proprioception, strength, or both) in patients with CAI. Their review found moderate evidence of neuromuscular training effects on static and dynamic balance, joint position sense, isometric strength, muscle onset latencies, injury recurrence, and shank-rear-foot coupling. Table 1 summarizes the most Conclusion postural control, increases static and dynamic balance, and decreases injury recurrence in subjects with acute ankle sprains, FAI, and CAI. This type of intervention reduces "giving-way" episodes in patients after an acute ankle sprain and in patients with FAI. Muscle strength and muscle reaction time are improved in FAI and CAI patients with training. Furthermore, improvements in joint position sense and shankrear-foot coupling have been shown in CAI subjects. differences in training protocols such as volume, intensity, training variables and periodization are needed. Evidence -patory postural adjustments, such as agility, plyometrics, landings, and other kinds of dynamic tasks, must be included in training programs due to their relevance to ankle injury prevention, daily activities, and in improving anticipatory Joaquin Calatayud, MSc, Sebastien Borreani, MSc, Juan Carlos Colado, PhD, Jorge Flandez, MSc, Phil Page, PhD, declare. Functional ankle instability Improve postural control 4, 22 Decrease "giving-way" episodes 22 Decrease recurrent ankle sprains 4, 22, 47, 59 Increase muscle strength 22 Improve muscle reaction time 22 Chronic ankle instability Improve postural control 4, 5, 38, 46, 63 Decrease recurrent ankle sprains 46, 47, 63 Improve joint position test 46 Improve muscle reaction time 46 Improve shank-rear-foot coupling 46 
